Introduction: There is an urgent need for biomarkers to help predict prognosis and guide management of esophageal cancer. This review identifies, evaluates and meta-analyses the evidence for reported somatic and germline DNA sequence biomarkers of outcome and stage.
introduction
Esophageal and gastroesophageal junctional (GEJ) carcinoma account for 3.9% of cancer diagnoses yet 5.9% of cancer deaths [1] . Worldwide, squamous cell carcinoma (SCC) predominates but, in Western countries, incidence of adenocarcinoma is increasing rapidly [2, 3] . Treatment with curative intent involves either resection with or without neoadjuvant therapy, or definitive chemoradiotherapy with or without salvage resection. More than 5000 patients undergo esophagectomy in the United States and the UK every year, with 85% receiving neoadjuvant therapy [4, 5] . However, the majority experience complications, operative mortality remains relatively high and quality of life may be significantly impaired [6] [7] [8] . Neoadjuvant, adjuvant and definitive chemo-and/or radiotherapy also carry risk [9] , and while the absolute survival benefit of neoadjuvant therapy ranges from 7% to 13% at 2 years [9] , 50%-60% of tumors are resistant [10] .
Prognosis overall remains bleak; even following ostensibly curative treatment 5-year survival is just 35%-45% [11] [12] [13] . This highlights limitations in our biological understanding, and our urgent need for biomarkers to predict prognosis, recurrence and sensitivity to therapy, and ultimately better personalize care. Most clinical experience with esophageal biomarkers to date has largely involved protein expression with or without sequence changes; while such markers are used to select patients for early phase trials, the sole tumor marker in routine use is ERBB2/HER2 status [14, 15] . However, rapid advances in high-throughput next-generation sequencing (NGS) have highlighted the potential role of somatic DNA sequence markers. These may function as independent markers, serve to refine or explore existing expression markers, or constitute novel therapeutic targets [16] [17] [18] . Similarly, advances in custom and genome-wide single nucleotide polymorphism (SNP) arrays have emphasized the role of germline variants in modulating cancer and treatment outcome [19, 20] .
We therefore undertook the first systematic review of DNA sequence biomarkers of esophageal cancer, to systematically identify and evaluate all candidate somatic and germline DNA sequence markers of outcome (survival, recurrence, therapy response and treatment complications) and stage. We then performed meta-analysis for all markers with a nominally statistical association in at least one study.
methods inclusion criteria
Studies eligible were those testing association between a DNA sequence marker (germline or somatic) and outcome (clinical, radiological or pathological) or stage of esophageal/GEJ cancer. Markers included germline SNPs, tumor mutations, copy number variants (CNVs), loss of heterozygosity (LOH), microsatellite instability (MSI) and chromosomal instability (CIN; alterations in ploidy). Clinical outcomes comprised survival (any measure), recurrence, disease progression and treatment complications. Radiological outcomes comprised response to therapy. Histopathological outcomes comprised tumor response and incomplete resection. Stage comprised radiological TNM staging and pathological tumor grading [21] .
exclusion criteria
Studies using cell lines or expression data were excluded unless discrete tumor or DNA-specific data could be extracted. NonEnglish articles were excluded.
literature search
A search was performed on 20 August 2014 of the PubMed, EMBASE and Cochrane databases, in accordance with MOOSE (Meta-analysis Of Observational Studies in Epidemiology) and PRISMA guidelines [22] . The following term was used: (esophageal OR esophagus OR gastroesophageal) AND (cancer OR carcinoma or adenocarcinoma OR SCC) AND (genomic OR genetic OR genome OR pharmacogenetic OR pharmacogenomic OR amplification OR copy OR mutation OR polymorphism OR polymorphic OR variant OR deletion OR insertion OR locus OR loci OR allele) AND (outcome OR prognosis OR survival OR response OR stage OR surgery OR chemotherapy OR radiotherapy OR marker OR biomarker OR complication). The references cited by retrieved articles were also assessed for relevant articles.
study data
Data extracted were: methodology; the variant(s) and gene(s) assessed; outcome measures and population. Extraction was carried out independently by two authors (JMF and IT). Gene names were standardized (HUGO Gene Nomenclature Committee) [23] . Variants were mapped to reference SNP (rs) identification numbers (US National Library of Medicine dbSNP database; http://www.ncbi.nlm.nih.gov/snp) when not provided by searching referenced methodology, in vitro polymerase chain reaction (http://genome.ucsc.edu) with specialized SNP flank BLAST® (Basic Local Alignment Search Tool; http://blast.ncbi. nlm.nih.gov), or New England Biocutter v2.0 (NEBcutter; http:// tools.neb.com/NEBcutter2). Gene function was classified using the US National Library of Medicine Gene Database (http:// www.ncbi.nlm.nih.gov/gene). For all reported associations, it was determined whether statistical significance persisted following correction for multiple comparisons (Bonferroni or false discovery rate correction), or multivariate analysis of all variables including genotypes. Were none made, post hoc Bonferroni correction was carried out [24] . For genome-wide association studies, significance was assumed at P < 5 × 10 −8 . For reported markers assessed by a single study, for which P was <0.05 but >corrected α, effect metrics were calculated but the marker excluded and presented in supplementary Tables S1 and S2, available at Annals of Oncology online. Those assessed by more than one study underwent meta-analysis irrespective.
evidence quality
Quality was appraised using the revised American Society of Clinical Oncology Level of Evidence (LOE) scale for biomarker research [25] .
meta-analysis
Meta-analysis was carried out for all markers with a statistically significant association (uncorrected P < 0.05) reported by at least one study. For SNPs, analysis was carried out using the major common allele as reference, using genotype permutations shared by all studies. In the case of A/T and C/G substitutions, the minor variant was confirmed from study allele frequencies. Where possible, separate analyses were carried out for major methodological differences such as adjusted/unadjusted hazard ratios (HRs), genotyping methods, treatment, cell type and ethnicity (as determined by the International HapMap Consortium) [26] . Natural logarithms of HR, odds ratios (ORs) and standard errors (SEs) were extracted. In studies not presenting these, these were estimated using the methods of Parmar, or extracted from magnified Kaplan-Meier survival curves: HR and SE were estimated at constant time points; censoring was assumed to be constant and starting from the minimal followup period, with censored patients allocated to the appropriate time interval [27] . In six meta-analyzed studies (all nonsignificant results) [28] [29] [30] [31] [32] [33] , it was not possible to extrapolate statistics for all variants; an lnHR of 0 (a HR of 1) and SE of the most closely matched study (regarding cell type, size and methodology) were used to minimize selection bias. When not presented, ORs were calculated from available data. Meta-analysis was carried out using RevMan v5.2 (Copenhagen: the Nordic Cochrane Centre, The Cochrane Collaboration).
study heterogeneity and bias
Heterogeneity was quantified using I 2 and χ 2 estimates; for moderate heterogeneity (I 2 ≥ 50%) random rather than fixedeffects models were used. Heterogeneity and bias were also assessed by funnel plot asymmetry; [34] visually for all analyses, and statistically for analyses involving at least 10 studies [34, 35] using Begg's and Egger's tests. Statistical significance was assumed at P < 0.05. Following consideration of alternative causes, probable publication bias was corrected using the 'trim and fill' method [36] . All other analysis was carried out using R (v3.0.2) [37] . Sensitivity analyses were carried out for all analyses including five studies or more, whereby studies were omitted one by one.
results

study characteristics
Four thousand and four articles were identified, 762 retrieved for evaluation, 580 excluded ( Figure 1 ) and 184 included (supplementary Tables S3-S25 , available at Annals of Oncology online), published between 1989 and 2014. Seventy-three assessed markers of clinical outcome, 80 clinical outcome and stage and 29 stage alone. Survival measures were overall survival (OS; n = 133), disease-free survival (DFS; n = 20), recurrence (n = 19), progression-free survival (PFS; n = 4) and disease-specific survival (DSS; n = 4). Twenty nine studies assessed response to therapy (chemo ± radiotherapy, or biological). Eleven assessed treatment complications. Treatment intent was curative (n = 156), palliative (n = 5), mixed (n = 21) and unspecified in 1. Curative modalities were resection alone (n = 111), resection ± neoadjuvant (n = 33) or adjuvant (n = 2) therapy, or definitive chemoradiotherapy (n = 9). All chemotherapy regimens involved platinum agents with or without 5-fluorouracil, except three (bleomycin, gefitinib, irinotecan). One hundred and seventy-six studies were candidate based, and 6 genome-wide (1 SNP, 5 CNV). One hundred and seventeen studies assessed tumor variants, 64 germline and 1 both. Cell types assessed were SCC (n = 117), adenocarcinoma (AC) (n = 40), both (n = 3) and unspecified (n = 22). 
tumor mutations
Three mutant genes were reported to be associated with outcome: TP53, PIK3CA and NRF2 (LOE IV). TP53 (n = 21) and PIK3CA (n = 3, SCC) underwent meta-analysis. TP53 status was variably defined and genotyped, although all studies assessed exons 5-8 as a minimum, by single-strand conformation polymorphism (SSCP) analysis with or without sequencing (n = 13), or Sanger sequencing alone (n = 8). Following correction for likely publication bias, a significant negative survival association was demonstrated for mutant TP53 tumors: HR 1.27 (1.01-1.59; P = 0.04; n = 21 studies; supplementary Figures S1 and S2, available at Annals of Oncology online). Significant associations were demonstrated on subgroup meta-analysis of: genotyping technique (SCCP), AC and SCC cell types, and treatment (resection only). Directions of effect were consistent but nonsignificant for adjusted HR alone (n = 6) and use of neoadjuvant chemoradiotherapy (n = 7).
An association with DFS was demonstrated for mutant PIK3CA SCC tumors [HR 0.42 (0.21-0.85); n = 2; P = 0.02], but not OS.
tumor copy number variants
Sixteen tumor CNVs had previously reported associations with prognosis; three were excluded due multiple comparisons (supplementary Table S1 , available at Annals of Oncology online). For the remaining 13, LOE was II (1), III (7) and IV (5). Four markers underwent meta-analysis: associations with worse survival were demonstrated for gains in ERBB2 (HER2; LOE III), CCND1 (LOE III) and FGF3 (LOE IV), but not EGFR (LOE II). For all four, there was heterogeneity regarding definition of CNV (absolute copy numbers, or ratio to normal), and genotyping technique [fluorescent/silver in situ hybridization (F/SISH), quantitative (q)PCR and slot/southern blot].
ERBB2/HER2 analysis was restricted to 11 studies performing ISH; 3 (using qPCR [28] , n = 11). Significance persisted for adjusted HR [2.32 (1.64-2.58); P < 1 × 10 −5 ; n = 3], and cell type (SCC; AC P = 0.06). Treatment regimens were resection alone for all studies, except one [61] including mixed regimens involving the c-MET-GFR inhibitor Crizotinib.
Two meta-analyses were carried out for CCND1: studies using qPCR (n = 4), and slot blot/FISH (n = 2). Worse OS was demonstrated for qPCR [HR = 2.09 (1.27-3.42); P = 0.004], with a concordant nonsignificant trend for FISH/blot. All four studies assessing FGF3 used slot/southern blot; an association with worse OS was demonstrated [HR 1.83 (1.18-2.83); P = 0.006]. EGFR meta-analysis was carried out for FISH and blot techniques (excluding two studies using anti-EGFR therapy [62, 63] , and one performing qPCR) [28] . No associations were demonstrated.
loss of heterozygosity LOH (six markers in total) was associated with outcome by four studies; one study (6p and 13q) was excluded due to multiple comparisons; [132] for another (2p, 3p and 12p), while 3-year survival rates were significant the extrapolated HR was not [86] . 1q22-23 LOH was associated with worse OS in one study (LOE IV).
telomere length ratio
One study reported worse OS with a tumor : normal telomere length >1.17 (LOE III).
genomic instability CIN was assessed by six studies. Following exclusion of one study including intratumoral heterogeneous ploidy [93] an association with worse OS was demonstrated [HR 1.63 (1.25-2.11); n = 4; P = 0.2 × 10
]. One study assessed intratumoral heterogeneity alone, reporting better survival than with homogeneity [94] . There were no associations between MSI and survival.
germline polymorphisms
Twenty-nine reported associations were identified (following exclusion of 12 due to multiple comparisons) [107, 109, 112, 133] . Cumulative LOE was II (n = 3), III (n = 22) and IV (n = 4). Fifteen variants underwent meta-analysis (Table 2 ). Significant associations were demonstrated for six SNPs: ERCC1 rs3212986 (cisplatin treatment; LOE II; Caucasian ethnicity), ERCC2 rs1799793 (cisplatin; Caucasian) TP53 rs1042522 (Caucasian), MDM2 rs2279744 (Caucasian), TYMS rs34743033 (Japanese; LOE III) ABCB1 rs1045642 (Caucasian and Japanese; LOE IV). An association was demonstrated for VEGFA rs2010963, but combining two studies with East Asian ethnicities (Taiwanese and Japanese). One association with recurrence was demonstrated: MTHFR rs1801133 (Caucasian; LOE III).
markers of treatment complications
Twelve reported germline associations (8 studies) were identified; 10 were excluded due to multiple comparisons. One marker (TNFA rs1800629) [134] underwent meta-analysis (nonsignificant). The remaining variant, ACE rs4646994 (LOE III), was associated with postoperative pulmonary complications by one study (Table 3) .
markers of response to chemo(radio)therapy Following meta-analysis, two polymorphisms were associated with a major pathological response to platinum-based chemo/ radiotherapy in Caucasians: wild-type XRCC1 rs25487 [GG genotype, LOE III; OR 1.91 (1.30-2.81), n = 3, P = 0.001], and variant ERCC1 rs11615 [TT/CT; OR 4.57 (3.01-6.94); n = 3; P < 1 × 10
]. The AA variant of ERCC1 rs3212986 (LOE III) was associated with radiological response to palliative cisplatinbased chemotherapy in one study (Chinese ethnicity), but not major pathological response to neoadjuvant chemotherapy in two (Caucasian).
markers of stage
Twenty-four tumor markers were reported: 2 mutations, 12 CNV, 7 LOH, 2 MSI and CIN; 15 were excluded.
tumor mutations
Following exclusion of PIK3CA, the sole tumor mutation with a reported association was TP53 (n = 19; LOE III; Table 4 ). Following meta-analysis, mutant TP53 tumors were associated with more advanced T (T3/T4) and N (≥N1) stages, but not overall TNM stage (III/IV), grade (G3/4) or positive resection margin (R1).
copy number variants
Twelve tumor CNVs were identified; 8 were excluded due to multiple comparisons (Table 4 ). Meta-analysis was possible for two markers, with one significant association demonstrated: EGFR (T1/2 stage; LOE IV).
loss of heterozygosity
Seven LOH variants were identified; five were excluded (Table 4 ). Meta-analysis was possible for one marker. A significant association was demonstrated for LOH 13p and ≥N1 stage (Table 4) .
genomic instability
Following meta-analysis CIN (LOE III; Table 4 ) was associated with overall stage [III/IV: OR 2.68 (1.10-6.54); P = 0.03; n = 2 studies] and nodal stage [OR 2.18 (1.06-4.47); P = 0.03; n = 7 studies], but not T stage or grade. MSI (using the 5 Bethesda markers, and 10 at 17q24-25) was associated with more advanced stage; another measure was excluded.
germline polymorphisms
Seventeen polymorphisms were identified; 12 were excluded due to multiple comparisons. One marker (GNAS1 rs7172) underwent meta-analysis, without significance. Tables S2 and S3, available at Annals of Oncology online), ERRBB2/HER2 (OS) and FGF3 (OS), and three stage analyses: EGFR (overall) and ERBB2/ HER2 (N and grade). These were interpreted as likely publication bias and corrected (without affecting any conclusions). All sensitivity analyses were negative.
conclusions
We identified 182 studies, which assessed a total of 165 candidate genomic markers. Overall, 91 markers were reported to have significant associations with esophageal cancer outcome, and 41 with stage. Overall study quality was poor: most studies were retrospective with small sample sizes, and all except 5 (2.75%) were of level C or D quality. There was considerable heterogeneity in patient selection, treatment approach, genotyping techniques and definitions used. Common areas of weakness were failure to perform subgroup analysis for AC and SCC; failure of quality control such as reporting call rates and HardyWeinberg equilibrium; failure to perform/report multivariate adjustment of HRs; and failure to adjust for multiple comparisons. Furthermore, just 30.2% of reported markers subsequently had attempted validation data published. Despite these limitations, sufficient data were available for appropriate meta-analyses. These demonstrated a small number of associations of DNA sequence markers with worse survival (mutant TP53, HER2, CCND1 and FGF3 copy number gain and CIN) and resistance to chemo-radio ± therapy (TP53).
As far as we are aware, this is the first attempt to collate and evaluate all evidence of DNA sequence markers and esophageal cancer, and to demonstrate the above associations by meta-analysis. As such it has a number of generic and specific strengths and weaknesses. A comprehensive search strategy was used to minimize identification and selection bias (requiring detailed appraisal of studies including gastric cancer, cell lines and expression data), it is possible that studies were not identified. For those included, methodological heterogeneity and small sample sizes introduce potential for bias. Although there was no statistical evidence of funnel plot asymmetry using Begg's and Egger's tests, these are underpowered in meta-analyses of fewer than 25 studies [152] ; we therefore inspected all funnel plots, explored the reasons for any apparent asymmetry, and corrected eight analyses for likely publication bias (without altering overall effects). While the small number of studies involved in each analysis precluded meaningful meta-regression to explore additional potential confounding factors [153] , we sought to address potential bias by performing subgroup analyses, including cell type genotyping techniques and ethnicity. There are also limitations to the revised American Society of Clinical Oncology guidelines in this context; firstly, regarding capture of the complexity inherent in data quality, and secondly determination of LOE: evidence can be upgraded by validation studies, yet disagreement of effect size and direction between studies is not always reflected in the ultimate LOE.
The strongest evidence we found for an outcome marker was tumor TP53 mutation. Association with worse survival was demonstrated for both AC and SCC. Whether this is truly independent of the association demonstrated with T and N stage (independent pathological markers of outcome) [154] was not conclusively demonstrated, and indeed only assessed by six studies. Although four reported significant adjusted HR, the resultant meta-analyzed direction of effect was concordant but not significant due to the use of a random-effects model. We also found TP53 mutant tumors to be less chemo(radio)sensitive.
As other recent meta-analyses have reported similar findings in breast and colorectal carcinoma [155, 156] , this is of particular translatable relevance. TP53 is one of the most frequently mutated and studied genes in human cancer [157] , with resultant attempts to develop targeted therapies [158] . Ninety-five percent of functional mutations occur within exons 5-9, which encode the DNA binding domain, and typically cause loss of efficacy either directly by disrupting DNA contact, or indirectly by aberrant protein folding [159] . Subsequently, cell cycle, DNA repair and apoptotic regulation may fail [160] , although oncogenic gains of function are occasionally seen [161] . The most characterized variant is the germline rs1042522 G > C substitution, itself conferring a worse HR for both OS and DFS in this meta-analysis.
TP53 as an esophageal tumor biomarker is often considered in terms of TP53 status: aberrant expression, with or without mutation. An association with expression alone and worse outcome has been demonstrated on meta-analysis for SCC [162] , as has aberrant status [increased expression (28 studies) with or without mutation (3 studies)] and reduced likelihood of response to chemotherapy [163] . However, TP53 mutational and expression statuses may be discordant [164] particularly in the case of high-impact mutations precluding expression, or dramatically reducing half-life. The ability to predict this from sequencing data reinforces the need to explore the interaction of these aspects of status in parallel [165, 166] .
Typically, resection specimens are used to assess associations between tumor markers and pathological response to chemotherapy. However, by definition these comprise clonal populations selected for chemo/radio-resistance. While such tumors appear to be disproportionately TP53 mutated, deep re-sequencing and clonal studies comparing the prevalence and associations of preand post-treatment tumor are required to establish the true pretreatment predictive utility of TP53 mutations in this regard.
Three associations between tumor copy number gain (albeit variably quantified) were demonstrated by meta-analysis: ERBB2/HER2, CCND1 and FGF3 gain. ERBB2/HER2 is particularly relevant; a proto-oncogene, it is the sole molecular marker in clinical use for gastroesophageal cancer, guiding the use of targeted therapies [14] . Our findings build on a recent metaanalysis of HER2 status, defining positivity by overexpression or amplification, including six of the studies included in this metaanalysis [15] . We found gain to confer a worse prognosis for both AC and SCC, independent of stage. Interestingly, all patients in 10 of the 11 studies underwent radical treatment with resection; while palliative monoclonal antibody therapy for HER2-positive gastroesophageal AC is effective in prolonging survival [167] , an urgent unanswered question is therefore whether it has a role in curative treatment.
Similarly, regarding the cell cycle regulator CCND1, phase I and II data have suggested a possible role for cyclin-dependent kinase inhibitors in nongastroesophgageal cancer [168, 169] . Our findings therefore suggest the need to assess their effect in esophageal tumors with CCND1 gain. EGFR, a tyrosine kinase receptor, has also been extensively investigated within gastroesophageal cancer; phase II data support targeted therapy (antibodies and tyrosine kinase inhibitors) for metastatic disease [170, 171] , although not yet neoadjuvant regimens [172, 173] . While we found no association with outcome using the requisite random-effects model, significant effects were evident with a fixed model; consequently, there may be an undetected association. We also found CIN to be associated with worse outcome, in keeping with a previous colorectal cancer meta-analysis [174] , although whether it modulates chemo-sensitivity is unclear.
We also demonstrated survival associations for six common germline polymorphisms by meta-analysis: ERCC1 rs3212986 (for cisplatin treatment and Caucasian ethnicity), ERCC2 rs1799793 (cisplatin and Caucasian), TP53 rs1042522 (Caucasian), MDM2 rs2279744 (Caucasian), TYMS rs34743033 (Japanese) ABCB1 rs1045642 (both Caucasian and Japanese). The association of VEGFA rs2010963 was evident only on combining Taiwanese and Japanese study populations. MTHFR rs1801133 was associated with recurrence in Caucasians. XRCC1 rs25487 and ERCC1 rs11615 were associated with response to chemotherapy in Caucasians. These associations are likely to be due to aberrant protein expression or function.
rs3212986 modifies ERCC1 mRNA stability [175] , a component of the nucleotide excision repair (NER) pathway, variants of which are associated with platinum sensitivity and survival in pancreatic, gastric, colorectal and lung cancers . The missense rs1799793 SNP results in an aspartate-asparagine substitution at codon 312 of the ERCC2 component of the NER pathway, and has been similarly associated with survival in gastric and other cancers [178] . The rs10456402 SNP in exon 26 of ABCB1 (Multi Drug Resistance 1) reduces expression (and consequent platinum-analogue membrane transportation) [179] , and is similarly associated with colorectal cancer prognosis [180] . rs2279744 increases mRNA expression of MDM2, which suppresses TP53 activity [181] , and is associated with increased susceptibility to a number of cancers (including gastric) [182] . rs34743033 is a 28-bp variable number tandem repeat in TYMS (thymidylate synthase), with enhancer function correlating with increased TYMS expression [183] , and survival in platinum-treatment nonsmall-cell lung carcinoma [184] . The rs1801133 missense SNP induces an alanine-valine substitution at codon 222, with reduced activity of methylenetetrahydrofolate reductase [185] , and increased susceptibility to gastric cancer [186] . rs25487 induces a glutamine-arginine substation in codon 399, with resultant reduction in function of the DNA repair gene XRCC1 [187] , and an association with survival of lung cancer [188] . rs11615 reduces ERCC1 expression [189] , and increases likelihood of response to platinum chemotherapy in gastric and colorectal cancer [176] .
Biomarkers themselves carry a number of limitations. Typically, they are classified as 'prognostic' or 'predictive'; however, in reality, these are not mutually exclusive, and we therefore did not attempt classification. Biomarker development culminates in demonstration of clinical, requiring at least multicenter prospective validation for prognosis, and incorporation into interaction randomized controlled trials for prediction. These challenges reinforce the utility of retrospectively analyzing samples archived during prospective trials. Other challenges include the use of pretreatment biopsies. First, analysis may be impaired by inclusion of noncancerous tissue; while this can be mitigated by techniques such as laser-capture microdissection and higher depth sequencing, these are time and cost-intensive. More profound is the challenge of intratumoral heterogeneity and clonality: a single biopsy is representative of just 34% of the mutational burden of a 'single' cancer [190] , and will not include metastatic subclones. How to surmount this is not yet clear.
Finally, while it may be pragmatic to consider DNA sequence variants in isolation, their effects (and therefore utility) are subject to complicated modulation by the other 'omics', (epigenomics, transcriptomics, metabolomics and proteomics), genes and clinical and environmental covariates [191, 192] . While a discrete variable might provide useful complementary information of itself, this complexity at present precludes its use to dichotomize decision making. Consequently, a robust approach to personalized cancer medicine must incorporate parallel processing of DNA, RNA, proteins and metabolites.
In conclusion, numerous DNA sequence markers have been described for esophageal cancer. However, as with complementary fields within personalized cancer research, the underlying research is largely poor in quality and disparate in methodology, with a lack of robust validation of markers and incorporation into trials. While a number of promising candidates have been identified the data required to incorporate these into prognostic/ predictive models do not yet exist; future validation will require larger studies, with improvements in the standardized collection of samples for analysis, parallel assessment of expression and the incorporation of parallel biomarkers within high-quality clinical trials, robust adjustment for confounding variables and sharing of resultant data with multicenter collaboration. 
